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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The substrate for optical parts which consists of a layered product which comes to carry out 
heating sticking by pressure while two or more layer laminating of one kind or two kinds or more of 
high polymer films is carried out. 

[Claim 2] The substrate for optical parts according to claim 1 characterized by the high polymer film 
which constitutes the aforementioned layered product being a polyimide. 

[Claim 3] As one kind which constitutes the aforementioned layered product, or two kinds or more of 
high polymer films, they are the following structure expression (1) and (2):. [Formula 1] 




The substrate for optical parts according to claim 1 characterized by using the copolymerization 
polyimide film which consists of two or more kinds, the polyimide film which comes out and consists of . 
either of the repeat units expressed, or the aforementioned repeat unit. 
[Claim 4] : The following structure expression (1), (2) [Formula 3] 
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The copolymerization polyimide which consists of two or more kinds, the polyimide or the 
aforementioned repeat unit which comes out and consists of either of the repeat units expressed, is used. 
One kind or two kinds or more of polyimide films or copolymerization polyimide films are produced by 
the roll extending method or the solution applying method. The manufacture method of the substrate for 
optical parts characterized by unifying the polyimide film layered product which put one kind or the two 
aforementioned kinds or more of polyimide films or copolymerization polyimide films on two or more 
layers, and was put on two or more aforementioned layers by heating compression, and obtaining the 
substrate for optical parts. 

[Claim 5] Two or more layer laminating of one kind or two kinds or more of polyimide films is chosen 
and carried out from two or more polyimide films with which coefficient of thermal expansion differs. It 
is the method of controlling the coefficient of thermal expansion of the substrate for optical parts 
obtained by carrying out heating sticking by pressure of this. The coefficient-of-thermal-expansion 
control method of the substrate for optical parts characterized by controlling the coefficient of thermal 
expansion of this substrate to a request value by changing the order of a laminating of one kind or the 
two aforementioned kinds or more of polyimide films or/, and the number of laminatings in case the 
laminating of two or more aforementioned polyimide films is carried out. 
[Claim 6] As one kind of polyimide of the polyimides which constitute one kind or the two 
aforementioned kinds or more of polyimide films, they are the following structure expression (1) and 
(2):. [Formulas] 




[Formula 6] 




The coefficient-of-thermal-expansion control method of the substrate for optical parts according to claim 
5 characterized by using the copolymerization polyimide which consists of two or more kinds, the 
polyimide or the aforementioned repeat unit which comes out and consists of a repeat unit expressed. 
[Claim 7] as the low-fever expansion coefficient polyimide film for controlling the aforementioned 
coefficient of thermal expansion — the following structure expression (3) or (4): [Formula 7] 




(3) 



[Formula 8] 
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The coefficient-of-thermal-expansion control method of the substrate for optical parts according to claim 
6 characterized by using the film of a polyimide which comes out and consists of a repeat unit 
expressed. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the substrate for optical parts 
which comes to carry out the laminating unification of the high polymer film of two or more layers, its 
manufacture method, and the coefficient-of-thermal-expansion control method of this substrate. 
[0002] 

[Description of the Prior Art] Development of the various parts for optical communication is desired 
with utilization of the optical transmission system by development of a low loss optical fiber. Moreover, 
establishment of the optical wiring technology of mounting these light parts with high density, 
especially optical-waveguide technology is desired. 

[0003] Generally, conditions, such as that optical loss is small, that production of an optical waveguide 
is easy, that the refractive-index difference of a core and clad is controllable, and excelling in thermal 
resistance, are required of optical-waveguide material. As an optical-waveguide material, quartz system 
material is inquired until now most energetically. By the optical fiber, like, since light-transmission 
nature of a quartz is very good, when [ finishing / an actual proof] it considers as an optical waveguide, 
in 1.3 micrometers, low optical-loss-ization of 0.1 or less dB/cm is attained for wavelength, however, 
large-area-izing which needs an elevated temperature is difficult at the time of production which needs a 
long time for production at the optical waveguide — etc. -- there is a problem on manufacture 
[0004] On the other hand, optical- waveguide formation is possible for plastics optical materials, such as 
a polymethylmethacrylate, at low temperature, and while there is the advantage in which a low price is 
expectable etc., they have the fault of being inferior to thermal resistance and moisture resistance. 
Moreover, although the polyimide was most excellent in thermal resistance in plastics, the conventional 
polyimide had the problem of being inferior to light-transmission nature. 

[0005] Then, this invention persons have studied the polyimide optical material excellent in light- 
transmission nature by examining the chemical structure of a polyimide. This invention persons clarify 
the fluoridation polyimide which was excellent in JP,3-72528,A at light-transmission nature. 
Furthermore, in JP,4-8734,A, it is shown clearly by copolymerizing this fluoridation polyimide that 
refractive-index control required for formation of an optical waveguide is possible. Moreover, about the 
optical waveguide using this fluoridation polyimide, it clarifies in JP,4-9807,A, the 4-235505 official 
report, and the 4-235506 official report. Thus, the plastics optical waveguide which was excellent in 
thermal resistance with the polyimide excellent in light-transmission nature is realized. 
[0006] However, there are some problems also in a polyimide optical waveguide. For example, while 
the polyimide is excellent in thermal resistance, it also has the field of being easy to carry out orientation 
of the aromatic ring in the chemical structure. This can say that it is easy to discover a birefringence, 
when it sees as an optical material. The birefringence itself is a property desirable as an optical material 
in a certain case, and, in a certain case, it serves as a property which is not desirable. Moreover, the same 
thing can be said when it sees as a charge of optical-waveguide material. For example, it is better not to 
have a birefringence to guide the light of non-polarization, although it is better for there to be a 
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birefringence to guide waves, saving the plane of polarization of the linearly polarized light. Thus, it is 
expected that a birefringence is controllable at any cost. By old examination of this invention persons, it 
found out doubling the coefficient of thermal expansion of a substrate, and the coefficient of thermal 
expansion of a polyimide, i.e., a low birefringence polyimide film being realizable by using a polyimide 
substrate as a substrate, about the low birefringence polyimide film among these (Japanese-Patent- 
Application-No. No. 187652 [ seven to ] specification). Thus, in producing optical parts, it is very 
effective and important technique to control the coefficient of thermal expansion of a substrate 
according to optical-waveguide material, in order to produce highly efficient optical parts. 
[0007] Moreover, also in the circuit board of electronic parts, such as substrates and module substrates, 
such as LSI, and a prism substrate, it is expectable that controlling the coefficient of thermal expansion 
of a substrate reduces the stress of electronic parts, and it raises the yield and reliability of parts greatly 
according to the metallic material and insulating material which constitute a circuit. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, it became clear that there are the following 
troubles in the above-mentioned substrate for optical parts. That is, although low birefringence-ization 
could be realized when a polyimide film was formed on a polyimide substrate, the trouble of [to 
through ] a pile for light produced the polyimide optical waveguide produced on this substrate. It is 
considered to be the cause that this is not the substrate to which the polyimide substrate was suitable for 
the optical use. Then, this invention persons showed clearly that it is applicable as a substrate for optics 
in the Japanese-Patent- Application-No. No. 187194 [ nine to ] specification by grinding the average of 
roughness height of the front face of the polyimide substrate started from the polyimide molding object 
produced by compression molding etc. to 500A or less. However, by this method, since the surface 
roughness was remarkable and the polyimide molding object immediately after molding had it, the 
polish for making a front face smooth took the long time, and it had the trouble that the manufacturing 
cost of a substrate became remarkably high. [ large ] 

[0009] Moreover, as mentioned above, although it was the very effective method of improving the 
performance of the yield in manufacture of parts, or parts to control the coefficient of thermal expansion 
of the substrate of optical parts or lightning parts, it is a substrate using the material which can be equal 
to heat treatment required for production of optical parts (optical parts especially using the polyimide for 
optics), or electronic parts until now, and there was no substrate which can control the coefficient of 
thermal expansion simple. 

[0010] Therefore, the 1st technical problem of this invention is to offer the substrate for optical parts ' 
which is excellent in surface smooth nature, and can produce the macromolecule substrate for 
macromolecule optical waveguides whose coefficient of thermal expansion is less than [ more than 
4xlO-5/degree-C1.2xlO-4/degree C ] simple, and its manufacture method. 

[001 1] Moreover, the 2nd technical problem of this invention is to offer the method of controlling the 
coefficient of thermal expansion of the substrate of optical parts or electronic parts according to part 
material. 
[0012] 

[Means for Solving the Problem] The layered product from which a front face carries out the laminating 
of the smooth macromolecule thin film, and is obtained has good surface smooth nature, and this 
invention persons traced that this layered product could apply as a substrate for optical parts, as a result 
of considering production of the macromolecule substrate for optical parts wholeheartedly. Furthermore, 
the substrate which this invention persons use for optical parts, especially a polyimide optical 
waveguide, As a result of examining wholeheartedly the coefficient-of-thermal-expansion control ■.. 
method of the substrate of electronic parts, the layered product which piled these up in suitable sequence 
is produced using two or more kinds of polyimide films with which one kind differs from a coefficient 
of thermal expansion. It traced that it showed clearly that the coefficient of thermal expansion of the 
substrate of optical parts or electronic parts is controllable in the broad range, and this layered product 
could apply as a substrate for optical parts or electronic parts by changing the chemical structure of a 
polyimide, and the composition of a laminating, using this as a substrate, this invention is accomplished 
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based on these knowledge. 

[0013] That is, if this invention is outlined, the substrate for optical parts of the claim 1 of this invention 
will be characterized by the bird clapper from the layered product which comes to carry out heating 
sticking by pressure while two or more layer laminating of one kind or two kinds or more of high 
polymer films is carried out. 

[0014] Moreover, the substrate for optical parts of the claim 2 of this invention is characterized by the 
high polymer film which constitutes the aforementioned layered product being a polyimide in the 
substrate for optical parts of the aforementioned claim 1 . 

[0015] Moreover, the substrate for optical parts of the claim 3 of this invention is the following structure 
expression (1) and (2): as one kind which constitutes the aforementioned layered product in the substrate 
for optical parts of the aforementioned claim 1, or two kinds or more of high polymer films. [0016] 



prmula 9] 




(l) 



[0017] 

[Formula 10] 




(2) 



[0018] It is characterized by using the film of a copolymerization polyimide which consists of two or 
more kinds, the film of a polyimide which comes out and consists of either of the repeat units expressed, 
or the aforementioned repeat unit. 

[0019] Moreover, the manufacture method of the substrate for optical parts of the claim 4 of this 
invention is the following structure expression (1) and (2):. [0020] 
[Formula 11] 



(1) 




[0021] 

[Formula 12] 



■<OXC 



o 
u 

o 




/ 



(2) 



[0022] The copolymerization polyimide which consists of two or more kinds, the polyimide or the 
aforementioned repeat unit which comes out and consists of either of the repeat units expressed, is used. 
One kind or two kinds or more of polyimide films or copolymerization polyimide films are produced by 
the roll extending method or the solution applying method. It is characterized by unifying the polyimide 
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film layered product which put one kind or the two aforementioned kinds or more of polyimide films or 
copolymerization polyimide films on two or more layers, and was put on two or more aforementioned 
layers by heating compression, and obtaining the substrate for optical parts. 

[0023] Furthermore, the coefficient-of-thermal-expansion control method of the substrate for optical 
parts of the claim 5 of this invention Two or more layer laminating of one kind or two kinds or more of 
polyimide films is chosen and carried out from two or more polyimide films with which coefficient of 
thermal expansion differs. It is the method of controlling the coefficient of thermal expansion of the 
substrate for optical parts obtained by carrying out heating sticking by pressure of this. In case the 
laminating of two or more aforementioned polyimide films is carried out, it is characterized by 
controlling the coefficient of thermal expansion of this substrate to a request value by changing the order 
of a laminating of one kind or the two aforementioned kinds or more of polyimide films or/, and the 
number of laminatings. 

[0024] Moreover, the coefficient-of-thermal-expansion control method of the substrate for optical parts 
of the claim 6 of this invention is the following structure expression (1) and (2): as one kind of 
polyimide of the polyimides which constitute one kind or the two aforementioned kinds or more of 
polyimide films in the control method of the aforementioned claim 5. [0025] 
[Formula 13] 




[0026] 

[Formula 14] 




[0027] It is characterized by using the copolymerization polyimide which consists of two or more kinds, 
the polyimide or the aforementioned repeat unit which comes out and consists of a repeat unit expressed. 

[0028] Moreover, the coefficient-of-thermal-expansion control method of the substrate for optical parts 
of the claim 7 of this invention is the following structure expression (3) or (4): as a low-fever expansion 
coefficient polyimide film for controlling the aforementioned coefficient of thermal expansion in the 
control method of the aforementioned claim 6. [0029] 
[Formula 15] 




(3) 



[0030] 

[Formula 16] 
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[0031] It is characterized by using the film of a polyimide which comes out and consists of a repeat unit 



[Embodiments of the Invention] Hereafter, this invention is explained concretely. 
[0033] The macromolecule thin film used for the substrate for optical parts of this invention can use the 
thin film film which was excellent in the uniform thickness obtained by roll extension or the solution 
applying method at surface smooth nature. About the quality of the material of a macromolecule thin 
film, if thickness is possible for thin film formation of about 10 micrometers or more and it is the 
material in which a laminating is possible by technique, such as heating sticking by pressure and 
multilayering, there will be especially no limit, however, the viewpoint of the thermal stability of a 
substrate to a polyimide this macromolecule thin film material as a material of a layered product which 
it is good and is farther used for a polyimide optical waveguide The copolymerizatidn polyimide film 
which comes to carry out a polymerization combining the imido compound expressed with the 
polyimide film or the aforementioned structure expression which consists of a repeat unit expressed with 
the aforementioned structure expression (1) and (2) from a viewpoint [ material / optical- waveguide ] of 
coefficient-of-thermal-expansion adjustment, Or the polyimide film whose coefficient of thermal 
expansion is less than [ more than 4xl0-5/degreeTC1.2xl0-4/degree C ] is desirable. It is because it is 
necessary to bear the temperature when planning forming a polyimide film on the polyimide substrate 
produced with these polyimide films about thermal resistance, and for that forming heat imide from a 
polyamide acid to a polyimide. Moreover, since the coefficient of thermal expansion of an optical 
waveguide which consists of a polyimide film formed on a substrate about a coefficient of thermal 
expansion is 8xl0-5/degree C in general, in order to prevent the strain of an optical waveguide, it is 
because it is necessary to double the coefficient of thermal expansion of an optical-waveguide portion 
and a substrate portion to some extent. When the coefficient of thermal expansion of a substrate 
separates from the range not more than more than 4xlO-5/degree-C1.2xlO-4/degree C, the big strain 
based on the coefficient-of-thermal-expansion difference of an optical-waveguide portion and a 
substrate portion will be produced, and ablation and a crack will be caused to an optical waveguide, and 
the fault that the birefringence of an optical waveguide becomes remarkably large will be produced. 
[0034] Heating sticking by pressure of the macromolecule thin film using such material is carried out in 
piles, or multiple-times coating is carried out and the layered product of 500 micrometers or more of 
thickness is produced. 

[0035] In addition, as a polyimide film which constitutes the aforementioned layered product, in order to 
make large the control range of the coefficient of thermal expansion, it is desirable to use the polyimide 
which a coefficient of thermal expansion becomes from the repeat unit expressed with aforementioned 
structure expression (1) or (2) also in a polyimide as a high temperature expansion component. [ very 
large ] Moreover, it is desirable to use the polyimide which consists of a repeat unit expressed with the 
aforementioned structure expression (1) also from a viewpoint of adjustment with optical-waveguide 
material as a material of a layered product used for a polyimide optical waveguide. 
[0036] Moreover, as a polyimide film of the 2nd kind of low-fever expansion components, heating 
sticking by pressure after film production and the laminating of a film is possible, if it is a polyimide 
with a coefficient of thermal expansion smaller than the polyimide which consists of a repeat unit 
expressed with the aforementioned structure expression (1), there is especially no limit of the molecular 
structure and use of a commercial polyimide film is also possible for it. For example, the polyimide 
which consists of a repeat unit expressed with the aforementioned structure expression (3) has high 
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versatility, and it is suitable for it as a polyimide material of a low-fever expansion component. 
Moreover, the control of the coefficient of thermal expansion of a layered product substrate in the latus 
range is still attained by using the polyimide which has low-fever expansibility further as a polyimide of 
the 2nd component. The polyimide by which the polyimide which consists of a repeat unit expressed 
with the aforementioned structure expression (4) as such a thing is suitably compounded from a 
following acid anhydride and a following diamine in addition to it is mentioned. As an acid anhydride, 
pyromellitic acid 2 anhydride, biphenyl tetracarboxylic dianhydride, benzophenone tetracarboxylic 
dianhydride, etc. can be mentioned, as a diamine The p phenylenediamine, meta-phenylenediamine, 2, 
and 2'-dimethyl -4, a 4 ! -diamino biphenyl, A 3 and 3'-diamino -4, 4-biphenyl, 2, and 2'-ditrifluoromethyl 
-4, 4 ? -diamino biphenyl, 4, and 4'-diamino biphenyl and 4 or 4" of polyimides using the - diamino-P- 
terphenyl etc. can be mentioned. 

[0037] Moreover, the low thermal-expansion nature polyimide which consists of a repeat unit expressed 
with the aforementioned structure expression (3) and (4) has the high glass transition temperature. 
Therefore, the configuration stability of the substrate obtained can be raised by using the film of these 
polyimides as a part of layered product. 

[0038] Heating sticking by pressure of the polyimide film using such material is carried out in piles, or 
multiple-times coating is carried out and the layered product of 500 micrometers or more of thickness is 
produced. The coefficient of thermal expansion of a layered product is arbitrarily controllable with the 
coefficient of thermal expansion of the polyimide film of a low thermal-expansion component within the 
limits of the coefficient of thermal expansion of the polyimide film of a high temperature expansion 
component most changing the ratio at the time of carrying out the laminating of the molecular structures 
and those films of two or more kinds of polyimides to be used. 
[0039] 

[Example] Hereafter, although this invention is explained in more detail using some examples, this 
invention is not limited to these examples. 

[0040] In each following example, it asked for the average surface roughness (Ra) of the produced 
polyimide layered product using the surface roughness meter as the average measured in the 
measurement mosquito place chosen at random [ a layered product front face ] five points on a 
measurement length of 3mm, and the conditions of 25mg of measurement needle loads. Moreover, the 
coefficient of thermal expansion of a polyimide layered product started the produced layered product in 
a length of 3mm, and the size with a width of face of 5mm, and attached it in the heat mechanical-test 
machine, and by the compress mode, the temperature up of it was carried out the speed for 5-degree-C/, 
and it asked for it as an average coefficient of thermal expansion from 50 degrees C to 300 degrees C. 
Moreover, the birefringence of the polyimide film formed on the polyimide layered product was 
searched for as a difference of the refractive index (nTE) of the direction of polarization parallel to a 
substrate side with a wavelength of 1 .3 micrometers measured using prism coupling process, and the 
refractive index (nTM) of the direction of polarization perpendicular to a substrate side. 
[0041] (Example 1) The roll extending method. You made it pile up ten layers of each other's polyimide 
layers A which consist of a polyimide film (; by Nippon Telegraph and Telephone CORP. tradename 
FLUPI- 01) with a thickness of 65 micrometers it is thin from the repeat unit expressed with the 
produced aforementioned structure expression (1), and it inserted into the hot press machine, and the 
bottom of the pressure of 40 kg/cm2, and after carrying out the temperature up of a maximum of 390 
degrees C further and holding after 5 -hour heating at 150 degrees C for 1 hour, it cooled slowly to the 
room temperature This was started in diameter of 2 inches, and the disc-like polyimide layered product 
was obtained. The average surface roughness (Ra) of this polyimide layered product was 965 A, and the 
coefficient of thermal expansion of the direction of a field was 8xl0-5/degree C. 

[0042] And after carrying out the spin coat of the front main part solution of a polyimide which consists 
of a repeat unit expressed with the aforementioned structure expression (1) on this layered product, heat 
treatment of 1 hour was performed at 380 degrees C, and the polyimide film (flat-surface optical 
waveguide) of 8 micrometers of thickness was obtained on the aforementioned polyimide layered 
product. The birefringence of this polyimide film was 0.001 or less. 
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[0043] (Example 2) Six layers are prepared for the polyimide layer B which turns into seven layers from 
the polyimide film (tradename; 100 KJ) with a thickness of 25 micrometers by Toray Industries E. I. du 
Pont de Nemours& Co. in the polyimide layer A with an aforementioned thickness of 65 micrometers, 
and it is between the seven-layer former polyimide layers A. The six-layer latter polyimide layer B was 
put in by turns, and carried out the laminating, and this was inserted into the hot press machine, and the 
bottom of the pressure of 40 kg/cm2, and after carrying out the temperature up of a maximum of 390 
degrees C further and holding after 5-hour heating at 150 degrees C for 1 hour, it cooled slowly to the 
room temperature. This was started in diameter of 2 inches, and the disc-like polyimide layered product 
was obtained. The average surface roughness (Ra) of this polyimide layered product was 754A, and the 
coefficient of thermal expansion of the direction of a field was 6xl0-5/degree C. 
[0044] And after carrying out the spin coat of the front main part solution of the polyimide expressed 
with the aforementioned structure expression (1) on this layered product, heat treatment of 1 hour was 
performed at 380 degrees C, and the polyimide film (flat-surface optical waveguide) of 8 micrometers of 
thickness was obtained on the aforementioned polyimide layered product. The birefringence of this 
polyimide film was 0.001 or less. 

[0045] Polyimide layer B' which consists of a polyimide film (tradename; 1 00 HA) with a polyimide 
layer [ A ] of with an aforementioned thickness of 65 micrometers and an aforementioned thickness of 
25 micrometers by Toray Industries E. I. du Pont de Nemours& Co. is used. (Example 3) In order, like a 
layer Ax3, layer B'xl, a layer Axl, layer B f xl, a layer Axl, layer B'xl, and a layer Ax3, a total of 11- 
layer pile and this are inserted into a hot press machine, and it is a maximum of 390 degrees C further 
after 5-hour heating at the bottom of the pressure of 2, and 150 degrees Ckg [ 40 //cm ]. After carrying 
out the temperature up and holding for 1 hour, it cooled slowly to the room temperature. This was 
started in diameter of 2 inches, and the disc-like polyimide layered product was obtained. The 
coefficient of thermal expansion of 44 A and the direction of a field of the average surface roughness 
(Ra) of this polyimide layered product was 7xl0-5/degree C. 

[0046] And after carrying out the spin coat of the front main part solution of the polyimide expressed 
with the aforementioned structure expression (1) on this layered product, heat treatment of 1 hour was 
performed at 380 degrees C, and the polyimide film (flat-surface optical waveguide) of 8 micrometers of 
thickness was obtained on the aforementioned polyimide layered product. The birefringence of this 
polyimide film was 0.001 . 

[0047] (Example 4) The polyimide layer A which consists of a polyimide film with a thickness of 65 
micrometers produced by the roll extending method using the polyimide which consists of a repeat unit 
expressed with the aforementioned structure expression (1) The polyimide layer B which consists of a 
polyimide film (100KJ) with an aforementioned thickness of 25 micrometers by Toray Industries E. I. 
du Pont de Nemours& Co. The polyimide layer C which consists of a polyimide film (tradename; 
Kapton) with a thickness of 50 micrometers by Toray Industries E. I. du Pont de Nemours& Co. is used, 
in order like a layer Axl, a layer Bx7, a layer Cxi, a layer Bx7, and a layer Axl A total of 17-layer pile 
and this were inserted into the hot press machine, and the bottom of the pressure of 40 kg/cm2, and after 
carrying out the temperature up of a maximum of 390 degrees C further and holding after 5-hour heating 
at 150 degrees C for 1 hour, it cooled slowly to the room temperature. This was started in diameter of 2 
inches, and the disc-like polyimide layered product was obtained. The coefficient of thermal expansion 
of 50A and the direction of a field of the average surface roughness (Ra) of this polyimide layered 
product was 5xl0-5/degree C. 

[0048] And after carrying out the spin coat of the front main part solution of a polyimide which consists 
of a repeat unit expressed with the aforementioned structure expression (1) on this layered product, heat 
treatment of 1 hour was performed at 380 degrees C, and the polyimide film (flat-surface optical 
waveguide) of 8 micrometers of thickness was obtained on the aforementioned polyimide layered 
product. The birefringence of this polyimide film was 0.003. 

[0049] (Example of comparison) The polyimide layer C which consists of a polyimide film (tradename; 
Kapton) with a thickness of 50 micrometers it is thin from the repeat unit expressed with the 
aforementioned structure expression (3) by Toray Industries E. I. du Pont de Nemours& Co. Using the 
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polyimide layer B which consists of a Toray Industries E. I. du Pont de Nemours& Co. polyimide film 
(tradename; 100 KJ) with a thickness of 25 micrometers, six layers of the latter were put in by turns 
among seven layers of the former, and it inserted into the hot press machine, and the bottom of the 
pressure of 40 kg/cm2, and after carrying out the temperature up of a maximum of 390 degrees C further 
and holding after 5-hour heating at 150 degrees C for 1 hour, it cooled slowly to the room temperature. 
This was started in diameter of 2 inches, and the disc-like polyimide layered product was obtained. The 
coefficient of thermal expansion of 1635 A and the direction of a field of the average surface roughness 
(Ra) of this polyimide layered product was 3xl0-5/degree C. 

[0050] And after carrying out the spin coat of the front main part solution of a polyimide which consists 
of a repeat unit expressed with the aforementioned structure expression (1) on this layered product, heat 
treatment of 1 hour was performed at 380 degrees C, and the polyimide film (flat-surface optical 
waveguide) of 8 micrometers of thickness was obtained on the aforementioned polyimide layered 
product. The birefringence of this polyimide film was 0.006. 

[0051] Furthermore, in the above-mentioned examples 1-4, although the polyimide layer which consists 
of a polyimide film with a thickness of 65 micrometers it is thin from the repeat unit expressed with the 
aforementioned structure expression (1) as a material of the substrate for macromolecule optical 
waveguides was used, even if it used the polyimide which consists of a repeat unit expressed with the 
aforementioned structure expression (2), the same result was obtained. Furthermore, the same result was 
obtained even if it used the copolymerization polyimide which consists of a repeat unit expressed with 
the aforementioned structure expression (1), (3), and (4), respectively and which comes to carry out a 
polymerization combining an imido compound, respectively. 

[0052] Next, the example performed for the purpose of controlling the coefficient of thermal expansion 
of the substrate for optical parts is shown. Although there was also an example of the same contents as . 
the aforementioned examples 1 -4 among the following examples, it indicated as mentioned above from 
a viewpoint of being the example which controls coefficient of thermal expansion, without omitting. 
[0053] (Example 5) The polyimide which consists of a repeat unit expressed with the aforementioned 
structure expression (1) is used, and it is the roll extending method. You made it pile up ten layers of 
each other's polyimide layers A which consist of a polyimide film (tradename; FLUPI- 01) with a 
thickness of 65 micrometers produced, and it inserted into the hot press machine, and after carrying out 
the temperature up ofkg [ of a maximum of 390 degrees C / 40 //cm ] further after 5-hour heating at 150 
degrees C under the pressure of 2 and holding for 1 hour, it cooled slowly to the room temperature. This 
was started in diameter of 2 inches, and the disc-like polyimide layered product was obtained. The 
coefficient of thermal expansion of the direction of a field of this polyimide layered product was 8x10- 
5/degree C. 

[0054] Polyimide layer B' which consists of a polyimide film (tradename; 100 HA) with a polyimide 
layer [ A ] of with an aforementioned thickness of 65 micrometers and an aforementioned thickness of 
25 micrometers by Toray Industries E. I. du Pont de Nemours& Co. is used. (Example 6) In order, like a 
layer Ax3, layer B'xl, a layer Axl, layer B'xl, a layer Axl, layer B'xl, and a layer Ax3, a total of 11- 
layer pile and this are inserted into a hot press machine, and it is a maximum of 390 degrees C further 
after 5-hour heating at the bottom of the pressure of 2, and 150 degrees Ckg [ 40 //cm ]. After carrying 
out the temperature up and holding for 1 hour, it cooled slowly to the room temperature. This was 
started in diameter of 2 inches, and the disc-like polyimide layered product was obtained. The 
coefficient of thermal expansion of the direction of a field of this polyimide layered product was 7x10- 
5/degreeC. 

[0055] (Example 7) The polyimide layer B which consists of a Toray Industries E. I. du Pont de 
Nemours& Co. polyimide film (tradename; 100 KJ) with a polyimide layer [ A ] of with an 
aforementioned thickness of 65 micrometers and a thickness of 25 micrometers is used, and it is among 
seven layers of the former. Six layers of the latter were put in by turns, and carried out the laminating, 
and this was inserted into the hot press machine, and the bottom of the pressure of 40 kg/cm2, and after 
carrying out the temperature up of a maximum of 390 degrees C further and holding after 5-hour heating 
at 150 degrees C for 1 hour, it cooled slowly to the room temperature. This was started in diameter of 2 
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inches, and the disc-like polyimide layered product was obtained. The coefficient of thermal expansion 
of the direction of a field of this polyimide layered product was 6xl0-5/degree C. 
[0056] (Example 8) The polyimide layer A with a thickness of 65 micrometers produced by the roll 
extending method The polyimide layer B which consists of a polyimide film (tradename; 100 KJ) with 
an aforementioned thickness of 25 micrometers by Toray Industries E. I. du Pont de Nemours& Co. The 
polyimide layer C which consists of a polyimide film (tradename; Kapton) with a thickness of 50 
micrometers it is thin from the repeat unit expressed with the aforementioned structure expression (3) by 
Toray Industries E. I. du Pont de Nemours& Co. is used. In order, a total of 17-layer pile and this were 
inserted into the hot press machine like a layer Axl, the layer Bx7, the layer Cxi, the layer Bx7, and the 
layer Axl, and the bottom of the pressure of 40 kg/cm2, and after carrying out the temperature up of a 
maximum of 390 degrees' C further and holding after 5-hour heating at 1 50 degrees C for 1 hour, it 
cooled slowly to the room temperature. This was started in diameter of 2 inches, and the disc-like 
polyimide layered product was obtained. The coefficient of thermal expansion of the direction of a field 
of this polyimide layered product was 5x10 to 5 degree C 

[0057] (Example 9) Polyimide layer B' which consists of a polyimide film (100HA) with an 
aforementioned thickness of 50 micrometers by Toray Industries R L du Pont de Nemours& Co,, Using 
the polyimide layer B which consists of a polyimide film (100KJ) with an aforementioned thickness of 
25 micrometers by Toray Industries E. I. du Pont de Nemours& Co., six layers of the latter were put in 
by turns, and carried out the laminating among seven layers of the former, and this was inserted into the 
hot press machine, and the bottom of the pressure of 40 kg/cm2, and after carrying out the temperature 
up of a maximum of 390 degrees C further and holding after 5-hour heating at 150 degrees C for 1 hour, 
it cooled slowly to the room temperature. This was started in diameter of 2 inches, and the disc-like 
polyimide layered product was obtained. The coefficient of thermal expansion of the direction of a field 
of this polyimide layered product was 4x10 to 5 degree C. 

[0058] (Example 10) The polyimide layer C which consists of a polyimide film (Kapton) with a 
thickness of 25 micrometers it is thin from the repeat unit expressed with the aforementioned structure 
expression (3) by Toray Industries E. I. du Pont de Nemours& Co. Using the polyimide layer B which 
consists of a polyimide film (100KJ) with a thickness of 25 micrometers by Toray Industries E. L du 
Pont de Nemours& Co., six layers of the latter were put in by turns, and carried out the laminating 
among seven layers of the former, and this was inserted into the hot press machine, and the bottom of 
the pressure of 40 kg/cm2, and after carrying out the temperature up of a maximum of 390 degrees C 
further and holding after 5-hour heating at 150 degrees C for 1 hour, it cooled slowly to the room 
temperature. This was started in diameter of 2 inches, and the disc-like polyimide layered product was 
obtained. The coefficient of thermal expansion of the direction of a field of this polyimide layered 
product was 3xl0-5/degree C. 

[0059] As shown in the above-mentioned examples 5-10, the coefficient of thermal expansion of a 
layered product was controllable in 3xl0-5/degree C to 8xl0-5/degree C by changing the ratio at the 
time of carrying out the laminating of those films to the molecular structure of two or more kinds of 
used polyimide films. 

[0060] Furthermore, although the polyimide layer which consists of a polyimide film which consists of a 
repeat unit expressed with the aforementioned structure expression (1) and (3) as a substrate for 
macromolecule optical waveguides was used in the above-mentioned examples 5-10, the same result 
was obtained even if it used the polyimide which consists of a repeat unit expressed with the 
aforementioned structure expression (2) and (4). Furthermore, the same result was obtained even if it 
used the copolymerization polyimide which consists of a repeat unit expressed with aforementioned 
structure-expression (1) - (4), respectively and which comes to carry out a polymerization combining an 
imido compound, respectively. 
[0061] 

[Effect of the Invention] Since the birefringence of the polyimide for optics which could produce the 
polyimide substrate for optics which has a polyimide for optics with a large coefficient of thermal 
expansion and a near coefficient of thermal expansion small, and surface roughness produced on this 
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substrate can be reduced according to the substrate for optical parts and its manufacture method of this 
invention as explained above, it is effective in the ability of a polarization dependency to be able to 
produce a small polyimide optical waveguide. 

[0062] Moreover, the thing for which the ratio at the time of carrying out the laminating of the 
molecular structure and the film of the polyimide which sticks [ heating-] by pressure or coats 
[ multiple-times-], and uses two or more kinds of polyimide films with which the molecular structure is 
different from each other according to the coefficient-of-thermal-expansion control method of the 
substrate for optical parts of this invention is changed. It becomes clear for the coefficient of thermal 
expansion of a layered product to be controlled, and it is effective in the ability to improve the yield of 
part manufacture, the reliability of parts, and a performance by using this layered product as a substrate 
of optical parts or electronic parts. . . 



[Translation done.] 
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